ABSTRACT. Objectives. To determine initial intravenous gammaglobulin (IVIG) treatment failures in Kawasaki disease (KD) and to report the outcome of retreatment and our use of pulse intravenous (IV) methylprednisolone and cyclophosphamide in patients with persistent KD.
K awasaki disease (KD) is a potentially lifethreatening acute vasculitis in young children with a predilection for involvement of the muscular arteries, particularly the coronary arteries. The use of intravenous gammaglobulin (IVIG) with aspirin is standard treatment and successful in most patients. 1 The rapidity of response to treatment with IVIG is gratifying, and it has significantly decreased the incidence of subsequent coronary aneurysms. 1 However, there are few options, except retreatment with IVIG, for those who do not fully respond or who have recurrent KD. Recently, corticosteroids have been efficacious in a small number of children who do not respond to initial IVIG treatment. [2] [3] [4] [5] We were impressed with several severe cases of KD that were unresponsive to repeated doses of IVIG and that required a large amount of corticosteroid to suppress the inflammatory response. Therefore, we were interested in our institution's experience with KD patients unresponsive to IVIG. We retrospectively analyzed all children admitted for KD over a 3-year period to determine the incidence of failure to fully respond to IVIG and to report our experience treating these children.
METHODS
All patients treated for KD between September 1, 1993 and September 30, 1996, who fulfilled criterion for KD 6, 7 were reviewed by 1 of us (C.A.W.). All patients were initially treated with 2 g/kg IVIG and aspirin (80 -100 mg/kg/day in divided doses) until the second week of treatment, after which it was reduced to 5 mg/kg/day. Aspirin was continued until all signs of inflammation resolved and there were no coronary aneurysms on echocardiogram. Initial response was defined as defervescence by 48 hours after IVIG and no return of fever (Ͼ100°C) for at least 7 days after IVIG, with marked improvement or normalization of conjunctivitis, mouth and lip changes; rash; and swollen hands and feet. Treatment failure was defined as return of fever and 1 or more of the initial symptoms that led to the diagnosis of KD within 2 to 7 days of treatment with IVIG. 2, 3 No patient was referred to our center because of failed treatment elsewhere; we did not include patients with atypical KD.
Definitions of coronary dilatation and aneurysm were based on published criteria 8 -10 :
1. Lumen diameter at least 3 mm in a child Ͻ5 years old or at least 4 mm in a child Ն5 years old. 2. Internal diameter of a segment at least 1.5 times as large as that of an adjacent segment; or 3. Clearly irregular lumen. Giant aneurysm was defined as Ͼ8 mm in diameter. 11, 12 Statistical analyses included Fisher's exact test, 2-sided, and Student's t test, 2-sided, using SPSS 7.5 for Windows 95 (SPSS, Inc, Chicago, IL).
RESULTS
Sixty-two (95%) of 65 children with KD initially improved after treatment with IVIG and aspirin. The 3 patients who did not initially respond, plus 12 others who had return of fever and symptoms (2-7 days after initial treatment, mean: 2.6 days; median: 2 days), were retreated with a second course of IVIG (2 g/kg). These 15 patients with failure to respond to IVIG were compared with the 50 who responded to a single course of IVIG. There was no difference in age, sex, length of symptoms to treatment, initial C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), or the presence of abnormal initial echo-cardiogram (Table 1) . Abnormal echocardiograms were similar in both groups and included perivascular brightness of the coronaries, decreased left ventricular contractility, or dilated coronaries. In the failure to respond group, 1 patient had a thrombosis in an aneurysm on initial echocardiogram.
Ten (76%) of the 15 patients requiring retreatment with IVIG responded to a second dose of IVIG (2 g/kg; Fig 1) . Of the remaining 5, 4 were treated with a third dose of IVIG and 1 patient fully responded. Three patients who did not respond to 3 doses of IVIG, and 1 who did not respond to 2 doses, were treated with pulse intravenous (IV) methylprednisolone at 30 mg/kg/day for 3 days. All 4 developed thrombosis and 3 of these 4 patients had aneurysms. The thromboses were identified before IV methylprednisolone in 2 patients and after it in 2 others (Table 2 ). Initially, all 4 patients responded to IV methylprednisolone, but 2 required 1 to 3 more courses of methylprednisolone (30 mg/kg/day IV for 3-5 days) to control fever, conjunctivitis, rash, or mucous membrane changes. In these 2 patients, each time the IV methylprednisolone pulses were discontinued, conjunctivitis and mucous membrane changes returned and CRP increased. For these 2 patients, IV cyclophosphamide at 2 mg/kg/day was added (Table 2) . IV methylprednisolone (30 mg/kg/ day) was resumed and slowly decreased to 2 mg/ kg/day divided twice daily over 2 weeks. There was no return of fever, conjunctivitis, mucous membrane changes, or increased CRP. At discharge, prednisone and cyclophosphamide were continued and gradually tapered over 1 1 ⁄2 to 7 months. Complete control of inflammation and symptoms was accomplished in all patients; no patient died. Once methylprednisolone was started, no patient had progression of coronary aneurysms.
Five (8%) of the total 65 patients developed coronary aneurysms; 2 patients were Ͻ1 year of age. One patient with aneurysm (initial echocardiogram revealed a dilated coronary artery) resolved all symptoms after 1 treatment with IVIG and had a mildly enlarged coronary artery on echocardiogram 8 months and 2 years later. The other 4 patients required retreatment (3 of these 4 developed thromboses). Two patients with thromboses had giant coronary aneurysms, both before methylprednisolone was started. Six of the total 65 patients were Ͻ1 year of age. Of these, 2 developed coronary aneurysms; 1 
cally responded to a single dose of IVIG resolved this finding .5 to 7 months later (n ϭ 13; mean: 1.0 months). At the last echocardiogram follow-up, of the patients with thrombosis (mean: 2.8 years; range: 2.5-4.1 years), 2 had normal coronary vessels, whereas 2 had persistently abnormal coronaries (Table 2). There was no short-term toxicity from cyclophosphamide in the 2 patients who received it.
DISCUSSION
The high rate of incomplete response of KD to IVIG in our patients (15/65; 23%) is surprising and higher than reported by others.
2,3 Because our center is both a community hospital and a regional referral center, it is possible that the perceived difficult cases were more likely to be referred for treatment, whereas the milder cases were treated elsewhere. However, no patient was initially treated elsewhere for KD and then referred to our institution for retreatment, and we did not include patients with atypical KD. The inability to identify factors at the time of initial treatment, which could predict the need for subsequent retreatment or the development of aneurysm, was disappointing but similar to findings of Sundel et al. 2 Not even the presence of an abnormal initial echocardiogram (35% of all patients) predicted the possible need for retreatment. The true incidence of coronary involvement is not known. Although the finding of perivascular brightness of the coronary arteries is subjective, it is suspicious for inflammation and did not differ between those patients who responded to treatment and those requiring retreatment. Eight percent of our patients with KD developed coronary aneurysms. This is similar to other reports of patients treated with 2 g/kg IVIG as a single dose. 1 However, our report is a small, retrospective study and a larger, prospective study may reveal predictors of disease requiring retreatment or progression to coronary aneurysm formation.
Historically, there has been considerable reticence among clinicians to use steroids in the treatment of KD for several reasons. The cause of KD is unknown and epidemiologic data had suggested an infectious cause. Intense investigation for an infectious agent has been unsuccessful to date. Recent investigators have focused on the possibility of microbial production of superantigens that lead to this overwhelming host response. 6 Concern about the procoagulant effect of IV methylpredisolone in severe vasculitis has also contributed to caution regarding its use. For 2 of our 4 patients with thromboses, the thrombotic event preceded the use of IV methylpredisolone. The major fear regarding the use of steroids followed an article by Kato et al, 13 which reported poor results in a small series of patients treated with oral steroid (2-3 mg/ kg/day). This study does not describe how patients were chosen to receive steroids; it did not stratify for illness severity; and no echocardiographic data were available. Three years later, a report by Kijima et al http://www.pediatrics.org/cgi/content/full/105/6/e78demonstrated significant improvement in coronary dilatation and aneurysm with the use of IV methylprednisolone (30 mg/kg/day for 3 days). This investigation received little consideration because attention focused on the dramatic results with IVIG treatment. In the last 6 years, the use of corticosteroids in KD reemerged with reports of 8 patients who had prompt, complete responses to IV pulse methylprednisolone. [2] [3] [4] [5] Unlike these reported patients, 2 of our patients were unable to tolerate discontinuation of methylprednisolone without the symptoms of active KD reoccurring. The addition of cyclophosphamide in these 2 patients seemed to allow methylprednisone to be tapered and slowly discontinued. Because KD is a self-limited disease, it is possible that the improvement in these 2 children was coincidental with starting cyclophosphamide. However, the temporal relationship with improvement and the repeated inability to stop methlyprednisolone, before starting cyclophosphamide, is noteworthy. There were no deaths in our patients, no progression of coronary artery dilatation, and no formation of new aneurysms once pulse IV methylprednisolone had been started, supporting the study by Kijima et al 14 of IV methylpredisolone. Perhaps the worrisome results demonstrated by Kato et al 13 were attributable to the oral route of administration or too small of a dose, because the response in our patients and those previously reported was dramatic.
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Recently Shinohara et al 15 reviewed their use of IV prednisolone (2 mg/kg/day) with and without IVIG in the treatment of nearly 300 children with KD. Those treated with IV prednisolone had fewer aneurysms and more rapid resolution of fever. Although these patients were very different from ours (new onset vs treatment failures), the conclusions are relevant. Patients receiving corticosteroids seemed to do better than those not receiving corticosteroids; and there were no thrombotic events or adverse events attributable to the corticosteroids.
CONCLUSION
In summary, KD is an intense life-threatening vasculitis. We agree with Sundel et al 2 that those patients with recurrence of symptoms have ongoing active vasculitis, which, if not aggressively treated, may lead to significant vascular damage. In our patients, IV methylprednisolone, and, perhaps cyclophosphamide, was helpful in resolving this intense vasculitis. It is unknown whether earlier treatment with pulse IV methylprednisolone in our patients requiring repeat IVIG could have prevented coronary aneurysms or thrombosis. The use of corticosteroids theoretically makes sense, because it is the mainstay of treatment for many other vasculidities. 16 Most children with KD respond to IVIG, but up to a quarter may require retreatment. Careful multicenter, prospective studies are needed to determine patients at risk for treatment failure and to establish the role of immunosuppressive agents in patients with persistent KD.
